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The nucleus accumbens (NAc) plays a role in responding to salient stimuli. In this issue ofNeuron, Baliki et al.
find that chronic low back pain patients showmarked differences from controls in NAc responses during pain
offset. This work suggests that chronic pain states cause alterations in motivational pain value processing.It has long been recognized, albeit not
always broadly appreciated, that pain
constitutes a complex physiological ex-
perience with variable significance and
meaning across individuals and contexts.
When describing the bodily expressions
to emotional and physical pain, Charles
Darwin, in his Expression of the Emotions
(1872), noted, ‘‘After the mind has
suffered from an acute paroxysm of grief,
and the cause still continues, we may fall
into a state of low spirits [.]. Prolonged
bodily pain, if not amounting to an agony,
generally leads to the same state of mind.
If we expect to suffer, we are anxious; if
we have no hope of relief, we despair.’’
The study of the neural mechanisms
involved in the perception, transmission,
representation, and regulation of pain
has indeed uncovered a complex neural
system that integrates painful information
to permit the adaptation of the organism
to potential bodily injury or tissue damage
(Rainville et al., 2001). Perhaps as antici-
pated by Darwin’s observations, this so-
called ‘‘pain matrix’’ shares circuitry with
the processing of information related to
emotional responses, the assessment of
the intensity, pleasantness and unpleas-
antness of various sensory stimuli, and
their meaning, whether reward or punish-
ment. Collectively, these neural systems
are broadly being referred to as motiva-
tional circuitry, modulating decision-
making processes and subsequent be-
havior (Craig, 2002; Heekeren et al., 2008;
Wittmann et al., 2008).
Baliki and coauthors (2010) (this issue
of Neuron) utilized functional magnetic
resonance imaging to examine the brain
regional responses to the expectation
and receipt of brief painful stimuli of
various temperatures, each lasting from
12 to 30 s, randomly presented, while6 Neuron 66, April 15, 2010 ª2010 Elsevier Incontinuously rating the intensity of the
pain experienced by the subjects. Brain
responses were also examined during
the offset of the painful stimulus, as well
as between stimuli, during pain-free
periods. They further determined differ-
ences between healthy volunteers and
volunteers experiencing chronic low
back pain. Further, the reliability of the
data was determined by two consecutive
scan series of similar characteristics.
As shown in the current study and
previously by other authors (e.g., Coghill
et al., 1999), brain regional patterns of
activation were related to the intensity of
the painful stimulus as rated by the volun-
teers, regardless of whether they were
diagnosed with persistent, clinical pain,
or healthy. That is, the individual experi-
ence of pain intensity demonstrates the
involvement of a distributed network of
brain regions that respond proportionally
to the subjective magnitude of the pain.
Regardless of intensity, however, a single
difference emerged between the two
groups, restricted to a brain region that
is most commonly associated with the
expectation and receipt of rewarding
and reinforcing stimuli (e.g., natural and
drug rewards), the nucleus accumbens.
At first glance, this may constitute a rather
counterintuitive result in the context of
painful stimulation. However, this brain
region does appear to be broadly involved
in the assessment and response to salient
stimuli, as evidenced by work in animal
models (Robinson and Berridge, 2000),
and it is engaged more consistently
when the stimulus is unexpected (Del-
gado et al., 2008) or otherwise stressful
(Rouge´-Pont et al., 1998). Consistent
with its role in responding to salient
stimuli, regardless of its valence as posi-
tive or negative, the nucleus accumbensc.has been shown to become active during
painful stimuli, an effect that at least in
part involves dopamine inputs from the
ventral tegmental area. Dopamine neuro-
transmission in this region is activated
by pain (Scott et al., 2006), as it is acti-
vated by pleasurable stimuli, and dopa-
mine neurotransmission has been found
to be dysregulated in some persistent
pain conditions in a manner proportional
to clinical pain ratings (Wood et al., 2007).
To further determine the meaning and
source of these differences in nucleus ac-
cumbens activation between groups,
the authors examined in greater detail
the temporal course of activity during the
experimental period. Both healthy and
chronic low back pain volunteers showed
comparably increased activity in this
region during the onset of the painful stim-
ulus, consistent with the concept of its
responding to a salient, potentially impor-
tant stimulus. But they differed in the
response during the falling (offset) phase
of the painful stimulus. Here, healthy
volunteers showed increased activity,
but patients with chronic pain demon-
strated theopposite response, a reduction
in the metabolic response of this region.
Now, if the nucleus accumbens responds
to both rewarding and nonrewarding
salient stimuli, it appears logical that it
would become more active both during
the onset as well as during the offset of
pain, as was the case in the healthy
control group. In fact, the initial ‘‘expecta-
tion’’ response was present and similar
between groups during the onset of sti-
muli, whether subsequently rated as pain-
ful or nonpainful. But another ‘‘salient’’
state, the offset of pain induced opposite
responses across groups. Further, the
nucleus accumbens response to pain
offset reliably differentiated healthy and
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only other study period that offered
some differentiation between diagnostic
groups was the baseline state between
stimulation periods, but not nearly with
similar sensitivity or specificity. If a
biomarker of chronic low pain were to be
sought, and based on these data, the
response to the offset of experimental
pain certainly appears to be a rather
promising candidate.
From a neurobiological perspective,
these observations bring up the question
of whether the individual responses of
the nucleus accumbens to pain offset
are due to its varying levels of salience
(e.g., offset being more prominent as
a function of the preceding painful stim-
ulus). Alternatively, stimulus offset could
be associated with varying levels of
‘‘reward response,’’ depending of the
context of the individual (healthy state or
persistent painful condition). A series of
regression analyses were conducted to
answer that question. In healthy subjects,
the activity of the nucleus accumbens
during pain offset was indeed positively
related to the intensity of experimental
pain (i.e., responded to a change in
status, a novel event, presumably
rewarding), while negative correlations
were obtained in the patient group. The
nucleus accumbens then appears to be
responding to pain offset differently de-
pending on the contextual background
in which it is being experienced. Baseline
nucleus accumbens activity was
observed to differ between healthy and
chronic pain samples and was addition-
ally related to the intensity of ongoing
low back pain in this report.
How are these differences in individual
‘‘background’’ encoded and processed,
and how are they related to nucleus ac-
cumbens activity during the offset, relief
of experimental pain? A series of connec-
tivity analyses were conducted to deter-
mine the relationship between nucleus
accumbens activity and other brain areas
involved in the perception and processing
of pain. In chronic low back patients,
stronger linkages were observed between
nucleus accumbens activity and that inthe medial prefrontal cortex and amyg-
dala, brain regions involved in the evalua-
tion and processing of stimuli of signifi-
cance of the organism across a number
of sensory modalities (McGinty and
Grace, 2009; Phillips et al., 2003). Neural
activity in the medial prefrontal cortex
has been additionally linked to the pres-
ence of ongoing pain in chronic low
back patients. Conversely, and in healthy
volunteers, stronger relationships be-
tween the activity of the nucleus accum-
bens were found with that of an area of
the insular cortex involved in the encoding
of the intensity of pain (Baliki et al., 2006).
This suggests that in chronic low back
patients the ‘‘significance’’ of stimulus
offset is integrated with the context in
which it occurs, that is, the presence of
ongoing pain. Here, this is observed as
greater connectivity between nucleus ac-
cumbens and medial prefrontal cortex. In
healthy controls, the processing seems
more straightforward and simply related
to the assessment, and relief, of the
experimental pain challenge. In chronic
pain patients, relief of experimental pain,
with the element of attentional redirection
attached to its processing and rating, may
also mean refocusing to the presence of
a persistent, more significant and threat-
ening stimulus to the homeostais of the
organism. Clinical back pain ratings
indeed decreased during the rating of
experimental pain in a separate sample
of patients.
Baliki and coauthors (2010) present
a sophisticated series of analyses where
they observe the presence of phasic, brief
responses of the nucleus accumbens to
experimental pain stimulus onset and
offset, and more tonic activations, be-
tween stimulation periods, in patients
experiencing persistent low back pain.
They observed that this brain region
responds in a manner consistent with its
involvement in the assessment of salient
signals, such as pain, but also the differ-
ential significance and attentional value
of experimental pain relief in healthy indi-
viduals and in patients diagnosed with
chronic pain. Differences between groups
for the responses to pain offset wereNeurindeed profound. They represent an
important framework in which to refer-
ence interindividual differences in the
experience of pain, of particular impor-
tance when applied, as is done in their
manuscript, to the understanding of path-
ological states. They also highlight the
importance of motivational and cognitive
mechanisms in the understanding of
persistent pain conditions. Are pre-exist-
ing differences in the function of these
networks precursive to chronic disease
after an initial injury? How are these modi-
fied in different pain conditions or might
predict treatment response? These are
questions that remain to be answered in
future studies.
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